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Abstract 

We explore the phenomenology of a fermiophobic Higgs: a Higgs whose cou- 
plings to fermions are suppressed. We calculate the branching ratios of a Higgs 
decaying to 77, W*W*, Z*Z*, Zbb, Z'-f, '-/bb, and final states involving vector 
mesons like T, J/\I^ and p. In order to calculate these branching ratios we perform 



Q^l a complete one-loop renormalization of the vertices HZ'y and H'-f-f. The decay 

O-i. mode if ^ 77 is near unity for a Higgs below the W mass, which provides a clean 

'-^ ' way of discovering a light fermiophobic Higgs. Interesting modes involving the 

vector mesons Z, 7, p, J/"^, and T are carefully analyzed. 



* Presented by Marco A. Diaz at the Third Annual SAHEP Gulf Shores Meet- 
ing, Gulf Shores, Alabama, January 3-5, 1994. 



It is perfectly possible that the Higgs mechanism responsible for generating the 
masses of the gauge bosons is independent from the mechanism that generates the 
fermion masses. In this way, the existence of a "fermiophobic" Higgs is possible , 
whose tree level couplings to fermions are zero . 

Higgs fields in representations other than doublets contribute to gauge boson 
masses but do not couple directly to fermions. Nevertheless, the p parameter 
restricts the vacuum expectation values of those Higgs fields. But even in models 
with only Higgs doublets we can find fermiophobia . For example in two Higgs 
doublets model of type I, in which only one Higgs doublet (say, $1) couples to 
fermions, the second Higgs field $2 will have zero couplings to fermions. One way 
to implement this fermiophobia is imposing the discrete symmetry $2 -^ —^2- 
But this fermiophobia will be partial, since the mass eigenstates {H and h) are a 
mixture of $1 and $2- If we fine-tune the mixing angle a to sin a; = then one of 
the Higgs mass states (say H) will be fermiophobic at tree level. 

The fine-tuning sin a = at tree level does not guarantee perfect fermiophobia. 
There is a one-loop induced vertex Hff. In Fig. 1 we show the one-loop contri- 
butions to the vertex Hff in the fermiophobic case. The sum of these graphs 
is infinite; therefore the vertex Hff is infinitely renormalizable, and we need an 
experimental measurement in the Higgs sector to fix the counterterm. This arbi- 
trariness leads us to defene an extreme fermiophobic Higgs Hp, as that obtained 
when we set the renormalized vertex Hff to zero. We stress that a more realistic 
Higgs would be partially fermiophobic, i.e. with supressed but non-zero couplings 
to fermions. 

In order to calculate the different branching ratios of interest, we perform a 
complete one-loop renormalization of the vertices HpZ*'~f* and Hp'~f*'~f* where the 
superscript (*) means that the gauge boson may or may not be real "^ . The 
calculation is simplified if we expand the sum Si:fViV2 of ^ill Feynman diagrams 



• This kind of Higgs has been also analyzed in ref. [2] . 



contributing to the vertex HV1V2, V^ = 7 or Z, in the following form factors: 

^HV.v^P^ k\ k'^) = Av^v.g^^ + Bv^v^k^'k'^ + ... (1) 

where p is the momentum squared of the Higgs, and k^ {k"^) is the four-momentum 
of the vector boson Vi (V2). There are three other form factors but they do not 
contribute to the total widths we calculate. If Vi or V2 is a real 7, then gauge 
invariance imposes the following relation between the two relevant form factors: 

Avj = -{k ■ k')Bvj (2) 

There are no tree level vertices H'-f-f or HZ'-/; these are induced at the one- 
loop level. In Fig. 2 we show the different contributions to the two vertices. There 
are two kind of diagrams that contribute to the vertex HZ*'-/*: the irreducible 
and the reducible. The latter diagrams involve the mixing between the Z gauge 
boson and the photon. Both groups of diagrams are infinite and each one needs a 
counterterm. The mixing between the Goldstone boson G and the photon does 
not contribute to the form factors A and B. In opposition to the previous case, the 
sum of the irreducible diagrams contributing to the vertex if 7*7* is finite and the 
counterterm is zero. There is no contribution from reducible diagrams to H'~f*'~f*. 
In Fig. 3 and 4 we display the irreducible diagrams contributing to the two vertices 
HZ*'-)* and H'~f*'~f*. They can be divided into triangular diagrams (Fig. 3) and 
non-triangular (Fig. 4), induced by four point vertices involving four gauge bosons 
or two scalars and two gauge bosons. We neglect charged scalar loop contributions, 
since scalar loops are much smaller (and model dependent). 

The renormalization scheme used in the gauge boson sector is outlined in ref. [6] 
(see also ref. [7]): the physical masses of the Z and W gauge bosons are given by 
the pole of each propagator, the tree level 'jee vertex is fixed by the electric charge 
measured at q^ = 0, and no mixing between the photon and the Z gauge boson at 
g^ = is imposed. 



For comparison, we start in Fig. 5 showing some branching ratios of the Stan- 

f8l — 

dard Model Higgs . We see that the dominant decay mode is H ^ bb with a 
branching ratio equal to unity up to a Higgs mass approximately equal to 150 
GeV. Above that mass, H -^ W*W* becomes dominant. The iJ ^ 77 branching 
ratio lies between 10^^ and 10""^. In Fig. 6 we plot the branching ratios of the 
different decay modes of the fermiophobic Higgs. We focus our attention on the 
following decay modes: W*W*, Z*Z*, ZZ, Z'-f, 77, Zbb, '-fbb, ZT, 7T, and Tbb. 
We also explore other vector mesons like p and J/^. In the modes Z'-f, 77, and 766, 
the gauge invariance constraint of eq. (2) is checked algebraically and numerically. 
In the latter case, it is necessary to include box diagrams in order to maintain 
gauge invariance. We do so. The decays into two gauge bosons W*W* and Z*Z* 
are treated at tree level. In a forthcoming publication we will include the loop 
induced 7*7* and Z*'~f* contributions as well. The virtual gauge boson decays into 
two fermions and we sum over all possible fermions in the final state. The rest of 
the decay modes include one loop radiative corrections through the vertices HZ'-f 
and /J77. For example, in the decay Hp -^ Zbb there is a contribution from the 
tree level vertex HZZ* with one of the Z bosons being off-shell and decaying into 
a pair bb, and a contribution from the one-loop induced vertex HZ'-f* with the 
off-shell photon decaying into bb. 

The decay mode Hp -^ 77 is dominant if the Higgs mass is less than about 90 
GeV. For Higgs masses above 100 GeV the main decay mode is W*W* followed by 
Z*Z*. The ratio between the tree level Z*Z* branching ratio and the branching 
ratio Zbb calculated also at tree level (including only the tree level vertex HZZ) is 
B{Z -^ bb) ^ 0.15. However, here we compare the tree level Z*Z* mode with the 
one-loop corrected Zbk mode. This permits us to appreciate the effect of radiative 
corrections on the decay Hp -^ Zbb: the loop-induced Z'-f* amplitude exceeds the 
tree-level ZZ* amplitude for this case. 

We also find that the decay modes involving the vector meson T have branch- 
ing ratios as high as 10^^. Above 100 GeV the most important Upsilon mode is 
ZT and below that mass, 7T. Other vector mesons are studied in Fig. 7 where 



we make a comparison between p, J/^ and T. For the light mesons, the decay 
Hp — > hbM (M = p or J/\l/) becomes dominant over the ZM modes for large 
Higgs masses. The phb (J/^66) mode may be as high as 10^ (10^ ). Below 100 
GeV the most important mode is 7M in the three cases studied (M = p, J/^ or 
T), and for the light meson p the branching ratio is about 10^^. 

A clean signature is provided when T or J/\l' decays into a pair of charged 
leptons. As an example, we compare the decay mode Hp -^ Z*T to the background 
Hp -^ Z*Z* in Fig. 8. Although the Upsilon production rate is small, the T stands 
out over the background (in this figure we present tree level calculations only). 

In summary, the main discovery channel of a light fermiophobic Higgs {mjj ^ 
90 GeV) is Hp -^ 77 with a branching ratio close to the unity. The production 
mechanism at LEP will be suppressed by the mixing factor cos^/9 = v'jp/^vf, 
where Vi is the vev of the ith Higgs and vp is the particular vev of the fermio- 
phobic Higgs (in opposition to hadron machines, where the gluon-gluon/top-loop 
production will be suppressed by fermiophobia) . Above 90 GeV, decay is domi- 
nantly to four fermions/jets, but modes with Z, 7, and vector mesons like T, J/\E', 
and p are possibly useful. Vector meson branching ratios are larger for lighter 
mesons. With production of the fermiophobic Higgs at LEP suppressed by the 
cos^/3 factor, the fermiophobic Higgs could be light. 
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FIGURE CAPTIONS 

1) Fynman diagrams contributing to the one-loop renormalization of the vertex 
Hff in the case of a fermiophobic Higgs Hp. The sum of the diagrams is 
infinite, and a counterterm is necessary. 

2) Contributions to the renormahzed vertices HZ'-/ and H'-f-f. In the latter case, 
only the vertex corrections contribute, and the vertex counterterm is zero. 
In the former case, a non-zero vertex counterterm is necessary, as well as the 
graphs mixing the Z and the photon. Mixing between the Goldston boson 
G'^ and the photon does not contribute to the relevant form factors Az^ and 
Bz-y- 

3) Irreducible triangular diagrams contributing to the one-loop induced veteces 
HZ*^* and H'-f*'-/*, where the superscript (*) means that the gauge bo- 
son may or may not be on-shell. Charged Higgs loops are small, model- 
dependent, and omitted. 

4) Irreducible bubble diagrams contributing to the one-loop induced vertices 
HZ*-f* and H-f*-f*. 

5) Branching ratios of the Standard Model Higgs. 

6) Branching ratios of a fermiophobic Higgs. The decay modes W*W* and Z*Z* 
are calculated at tree level. All the others include one-loop corrections to the 
vertices HZ'-f and H'-f-f. The decay mode 766 includes also box diagrams in 
order to ensure gauge invariance. W* and Z* decays are summed over all 
fermion final states. 

7) Branching ratio involving a vector meson: ZM, bbM and 7M, where M may 
be p, J/\l' or T. 

8) Signal for a fermiophobic Higgs decaying into Z*T compared with the Z*Z* 
background (calculated at tree level). 
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